ハドウ ランリュウ リロン ニオケル アラタナ テンカイ タジュウ ブツリ タジュウ スケール ランリュウ ゲンショウ ノ スウリ by 田中, 光宏
Title波動乱流理論における新たな展開 (多重物理・多重スケール乱流現象の数理)
Author(s)田中, 光宏












( ) $\eta(x, t)$















$\lambda$ $\nearrow\triangleright$ $x$ $\iota$/t$NL$ f// $\omega=\omega$ (k$\rangle$ 3 $t_{NL}\sim O(1/\omega\epsilon^{2})$ ,
$\ovalbox{\tt\small REJECT}_{\llcorner}^{\vee}$ $t_{NL}\sim O(1/\omega\epsilon^{4})$
$\epsilon$
2 $\tilde{b}_{k}:=b_{k}\exp(-i\omega_{k}t)$ ( ),
$U^{(i)},V^{(i)}$
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$b(k)$ $b(-k)$
$\omega(k)$ 3 $k=k_{1}+k_{2},$ $\omega(k)=\omega(k_{1})+\omega(k_{2})$ (decay





$b_{k}=ck+ \int A_{012}^{(1)}c_{1}c_{2}\delta_{0-1-2}^{k}dk_{12}+\cdots+\int B_{0123}^{(1)}c_{1^{\mathcal{C}}2^{C}3}\delta_{0-1-2-3}^{k}dk_{123}+\cdots$ (3)
(3 )
$\frac{\partial c_{k}}{\partial t}=-i\omega_{k}c_{k}-i\int\{\frac{1}{2}V_{012}c_{1}c_{2}\delta_{0-1-2}^{k}+V_{102}c_{1}c_{2}^{*}\delta_{1-0-2}^{k}\}dk_{12}$ , (4)
(4 )









( $=$ ) $c(k)$
$\langle c_{k}c_{k}^{*},\rangle=n(k)\delta(k-k’) , \langle c_{1}^{*}c_{2}^{*}c_{3}c_{4}\rangle=n(k_{1})n(k_{2})[\delta f_{-3}\delta_{2-4}^{k}+\delta_{1-4}^{k}\delta_{2-3}^{k}]$ , (8)
[1] (6), (7)
(kinetic equation), Boltzmann (transport equation)
90
1.4
( $H$- ), (
$I$ ( ), Zakharov $(I(k)$ $arrow$







$)$ , (or ) $k$ ( [4] [5],
[6][7], (sandpile behaviour)[8] ),
( (DIA) [9]),
( [10]),
( ( ) (MHD
(critical balance) [11] $)$
Nazarenko[12] Newell [13]
2 Random Phase and Amplitude Formalism
2.1





RPA$=$Random Phase and Amplitude formal-
ism Random Phase Approximation
$a_{k}$ Ak( ) $\psi_{k}(\psi_{k}=ei\phi$
$a_{k}=A_{k}\psi_{k}$ Random Phase Approximation 3
:
1. $\psi_{k}$ $|$












$c_{l}=a_{l}e^{-i\omega_{l}t}$ Zakharov (4) :
$i \dot{a}_{l}=\epsilon\sum_{m,n=1}^{\infty}(_{2}^{1}\llcorner V_{mn}^{l}a_{m}a_{n}e^{i\omega_{m\mathfrak{n}}^{l}}t\delta_{m+n}^{l}+\overline{V_{ln}^{m}}\overline{a_{n}}a_{m}e^{-i\omega_{ln}^{m}}t\delta_{l+n}^{m})$ , (9)
$a_{l}=a_{k_{l}},$ $\omega_{l}=\omega_{k_{l}},$
$\omega_{mn}^{l}:=\omega_{l}-\omega_{m}-\omega_{n}$ . $\epsilon$
$k_{n}=2\pi n/L$ ( $n$ $L\ovalbox{\tt\small REJECT}$ box length). 3
$\eta_{\lrcorner}=2\pi/\omega$ $7NL=1/\epsilon^{2}\omega$
$T$ 4 : $=2\pi/\omega\ll T\ll 1/\epsilon^{2}\omega=7NL$ . $T$ $a_{l}\ovalbox{\tt\small REJECT}$
$\epsilon$
$a_{l}(T)=a_{l}^{(0)}+\epsilon a_{l}^{(1)}+\epsilon^{2}a_{l}^{(2)}+\cdots$ (10)
(9) $o(1)$ $a_{l}^{(0)}(T)=a_{l}(0)$ . $T(\ll\tau NL)$ $a$
$a_{l}(O)$ $a_{l}$ $O(\epsilon),$ $O(\epsilon^{2})$




$a_{l}^{(1)}(T),$ $a_{l}^{(2)}(T)$ $|a_{k}|^{2}$ $p$ :
$M_{k}^{[p)}(T);=\langle|ak(T)|^{2p}\rangle_{A,\psi}, p=1,2,3, \ldots$ . (13)








($E$ $\Delta$ [14] ) Large Box Limit




(15) $p=1$ $n(k)$ (16a)
:
$\frac{dn(k)}{dt}=-\gamma(k)n(k)+\eta(k)$ , (16a)
$\eta(k)=\pi\int n_{1}n_{2}[|V_{12}^{0}|^{2}\delta_{12}^{0}\delta(\omega_{12}^{0})+2|V_{01}^{2}|^{2}\delta_{01}^{2}\delta(\omega_{01}^{2})]dk_{12}$ , (16b)





$a_{k}$ Gaussian (15) $F_{k}^{(p)}$
:













$\omega_{k}=k^{\alpha}, V_{12}^{0}=2\pi(k_{0}k_{1}k_{2})^{\beta}, \alpha=3/2, \beta=1/4$ (20d)
$V_{12}^{0}$ $V_{12}^{0}$ $k,$ $k_{1},$ $k_{2}$
FFT
FFT aliasing $2/3$
aliasing $k$ $k=(k_{x}, k_{y}),$ $-8\leqq k_{x},$ $k_{y}\leqq$






$D(k)=\{\begin{array}{ll}1, (0<k<7)\exp(-10(k-7)^{2}) , (7\leq k\leq 8) .\end{array}$ (21c)
$a_{k}$ $[0,2\pi]$ $H_{2}$
$H_{2}=1.25\cross 10^{-6},2.5\cross 10^{-6},5.0\cross 10^{-6},1.0\cross 10^{-5}$ 4
$H_{2}$ 256






(DNS) $t=0$ $t=100T_{p}$ 1








$\in k_{-}1d_{\mathfrak{d}}m_{-}DNS_{-}\cdot vg_{-}H=125d-6$OPC $k$ Ek $1dlm_{-}DNS_{-}\cdot vq_{-}H=1\mathfrak{d}Od5$OPC
1: 1 $E(k)$ $( :H=1.25\cross 10^{-6}, :H=1\cross 10^{-5})$
$H_{2}=1.25\cross 10^{-6}$
$H_{2}=1\cross 10^{-5}$
3 (20c) $n(k)$ (16a)
(21b) (16a) 1 $E(k)$
$H_{2}=1.25\cross 10^{-6}$ DNS 2 DNS
$t=0$ $t=50T_{p}$ $E(k, t)$ $50T_{p}$
3 $H_{2}=1\cross 10^{-5}$ (16a)
$k$
$k$
2: $dE(k, t)/dt$ DNS 3: $t=100T_{p}$ $E(k, t)$
$H_{2}=1.25\cross 10^{-6}$ DNS $H_{2}=1_{\backslash }.00\cross$
$10^{-5}$
$t=100T_{p}$ DNS











$H_{2}=5.0\cross 10^{-6},$ $k=(3,0)$ .
$|a_{k}|^{2}$ $H_{2}=5.00\cross 10^{-6},k=(3,0)$
$|ak|^{2}$ 4 $t=0$ $|a_{k}|^{2}$




6: 4 $\ovalbox{\tt\small REJECT}$ $\omega=k^{1/2}$
$7_{:}$. 5 $\omega=k^{1/2}$
(20d) $\alpha$ 3/2 1/2












$n_{k}$ $\sigma_{k}$ 8 $k$
$\sigma_{k}$
$k=6$ $a_{k}$ Gauss $n_{k}=\sigma_{k}$
$Tp \Gamma p$
8: $|a_{k}|^{2}$ $n_{k}$ $\sigma_{s}$ $H_{2}=5\cross 10^{-6}$ . ( )k $=1$ , ( )k $=6.$
RPA (17) $F_{k}^{(2)}$ $a_{k}$ Gaussian (18)
$H_{2}=5\cross 10^{-6}$ $t_{1}=100T_{p}$
DNS $\eta$(k)/n( $1.5<k<3.0$
$0\leq t\leq 100T_{p}$ (18) $F^{(2)}(k)$ $t$
9 $H_{2}=5\cross 10^{-6}$ DNS $k=3$
$F^{(2)}$ $F^{(2)}$
$F^{(2)}$ 2 $- \frac{1}{2}\exp(-\alpha t)$
$\alpha=2.58\cross 10^{-3}$ RPA $2\eta(k)/n(k)$ 100
$k=3$ $2.57\cross 10^{-3}$ RPA DNS




9: DNS $F_{k}^{(2)}$ $H_{2}=$









RPA Gaussian $F_{k}^{(p)}$ (18)
(18)
$F_{k}^{(p)}(t)= \backslash \sum_{j=2}^{p}C_{j}^{(p)}e^{-j\theta}, \theta=\int_{0}^{t}\alpha_{k}(t’)dt’, \alpha_{k}=\eta_{k}/n_{k}$ , (22)
$C_{j}^{(p)}$
$C_{2}^{(2)}=F_{k}^{(2)}(0)$ , $C_{j}^{(p)}=(\begin{array}{l}pj\end{array})C_{j}^{(j)}$ $(j=2..p-1)$ , $C_{p}^{(p)}=F_{k}^{(p)}(0)- \sum_{j=2}^{p-1}C_{j}^{(p)}$ (23)
11 $H_{2}=5\cross 10^{-6}$ $k=7$ RPA (22) $F^{(p)}$
DNS $F^{(p)}$ $p$
$t=50T_{p}$ $t=100T_{p}$ (22) RPA
$\alpha$
$\theta$
$\alpha$ $\iota m\tau_{p}$ -$\alpha$ $\theta\approx\overline{\alpha}t$ 12
RPA $F^{(3)},F^{(5)}$ $F^{(9)}$ DNS
$\alpha=\eta/n$ 9
$t/Tp$
11: $F^{(p)}$ $p$ RPA
12: RPA DNS $F^{(3)}$
DNS $H_{2}=5\cross 10^{-6},$ $k=7,$
$F^{(6)},$ $F^{(9)}$ $H_{2}=5\cross 10^{-6},$ $k=7.$
$t=0,50T_{p},$ $100T_{p}.$
3.2.4
RPA $s(k)=|a(k)|^{2}/\delta(0)$ $(PDF)\mathcal{P}(s)$ (19)
$H_{2}=1.25\cross 10^{-6}$ $H_{2}=1\cross 10^{-5}$ $k=3$ (19)
$t=100T_{p}$ $\mathcal{P}(s)$ 13 $x$ $s$ $n(O)$
$s$ , $x=s/n(O)$ $\mathcal{P}(x)$ $H_{2}$ $H_{2}=1.25\cross 10^{-6}$
$t=100T_{p}$ $\delta(x-1)$











13: $P(s_{k})$ DNS RPA $(k=3, t=100T_{p})$ . : $H_{2}=1.25\cross 10^{-6}$ , :
$H_{2}=1\cross 10^{-5})$
3 (1) (2) (3)
$a_{k}$ Gaussianity
13( ) $H_{2}=1.25\cross 10^{-6}$ $100T_{p}$ $a_{k}$ Gaussian
2
$a_{k}$
Gaussianity Benney [15] [16]
Gaussianity Eyink[17]
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